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ABSTRACT

The goal of this study was to verify the phylogenetic status of the Korean native goats (KNG). We determined the complete
sequence of the mitochondrial cytochrome b gene in 48 goats among four populations. We also analyzed genetic variability within
goats, and a phylogenetic analysis was performed by comparison with other country’s goats. Three nucleotide substitutions were
detected, and two of these were missense mutations that occurred due to a substitution of amino acid. Four haplotypes were

defined from KNG. Three of these haplotypes were only found in the Chinese goat.

However, the other haplotype was

KNG-specific. In the phylogenetic analysis, four clades (A~D) were classified among domestic goats, and the KNG was classified

into clade 1 that estimated as lineage A based on the D-loop sequence. Each haplotype from the KNG was clustered closely with

that of the Chinese goat. The results of haplotype distribution and phylogenetic location suggest that strong gene flow occurred

from China to the Korean Peninsula.
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Genomic DNAT sucrose-Proteinase K ¥ (Birren 5, 1997)
S UF WYsle FE3%2H, NanoDrop NDI1000 (Thermo
Scientific, USA)2.2 $EE Z43¢ & mtDNA cytochrome b
TARE S5 93 FHoE ARSIt

2. Cyt b #UA 5F &

A2 (Capra hircus) mtDNA AAA L (NC_005044) % tRNA-
Glu, cytochrome b F#A U5 2 tRNA-Thr %2 X4& o
&3te] 278<] primerg AZ FEEA A2t (Table 1). PCR
82 Tag polymerase 1.5 unit (TaKaRa, Japan), 10 x buffer
2501, 02 mM dNTP, 1.5 mM MgCl,, 10 pmol primer Z}7:
1.5 1, genomic DNA 20ng 181 S7+E H7lste] A% 251
12 5H8-3199tk PCR 5% GeneAmp PCR system 9700 (ABI,
USA)S o]83to] 94TolA] SE7F 274 & 94TellA 30%,
60°ColA 30%, 72TColA 6025 132 38kl 353] WHI8 519
om, 72ClM 583 HE sk PCR 3= 1.5%
agarose A719% ol HE 1% $ QIAEX I Gel
Extraction Kit (Qiagen, USA)Z AAsIAtE 9714E &AL
ABI 3130 DNA Genetic Analyzer (ABI, USA)E o]&3}4
direct-sequencingS Tk TAAELS A4 mtDNA HAA
o (NC_005044)% 7150 cytochrome b f42F 9] oy
AAAG S Eolste] AATG 2, GenBank databased] 553}
T (IX010743-46).
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S, 2011)E olgsigion, AEke AIRE Hriepr] Sl
1,0008] w248 & bootstrap value (Felsenstein, 1985)5 A&
af3ich.
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174, 190, 1114947} SA=HAoH, A7 R AES ey
9kTh (Table 2). 3709 97IWie] F 190WA, 11144 %7
Ho|:= missense WO)ZEA, C190Tel 2Ja)4 S64P, A1114Cl 2

A

a4 1372LE  opvieit Ago] IASISITE E Aol A
cytochrome b F7AlA G908 d7|Hol&e  FUMAY

mtDNA D-loop %l Hl3] dA3] ¥ Yelgter (Kim %,
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< AA R ERESed, BE FdddA 270 ERE A
Haplotype Th¥d A4+ A5Htto] 0.30300.2 7P =2 uk
A Ha 0.16672 Lty Gt Age Frd
©] 0.000538.% 714 7 dEpron, tg2 93, aeja
1 oJoket 207 v Uyt

oA Gda 4879 HAEEET haplotype +32 2 A¥A
S EQ187] 93t9] GenBank database=5-E o, F, G,

Q2 HF|xEe] Bxsl= Aefds 3170 cytochrome b HA]
ANEE FHE0ITH(Table 4). £ AFolA A3 Sz
48 % haplotype-1 (hap-1)< 43, hap-2 37, hap-3Z hap-
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Table 1. The primer sequences for mtDNA cytochrome b gene amplification

Primer sequence (5'---3")

Target
Forward Reverse
CytB 1 CATGGAATCTAACCATGACCAA TTAGTAGCATGGCGCCTAAGA
CytB 2 CTGCTCTTCCTCCACGAAAC TGGCTATTCTCCTTTTCTGGTT
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Table 2. Sequence variations of KNG mtDNA cyto-

chrome b gene

Kim et al.

Position
Haplotype
174 190* 1117*
1 T T A
2 C C A
3 C T A
4 T T C

* A nucleotide substitution that caused an amino acid change.
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717t 175 xgetgon, diiie] dEAldl g4t hap-19]
&390 (Table  5). 7120] By =24 (Takada 5,
1997; AB004072) %4] hap-19] 43l%Ith hap-1~32 F=A 2
2o % 3HelE =), hap-1S Cgu, Cjii AwolA, hap-2¥& Gi
Aol A, hap-32 Cgu, Cji, Chm FHeolAd Uepgt E3|,
hap-17} hap-32 F5AH A4 JHAME E& NER Fxa9
ot ey Sas A YA oy daggdAe deAld
295U haplotype> ER1¥A] ¥okth hap-4+ F=Alefds
AR UEh= Sol#el g os Sl

st i) AEFATA XS FRls] flste] Table 5
oA EFE 2071 haplotype A1¥¥ GenBank database
(AF034734-5, AF034738, D84202)cll4 7} 59 471¢] oF4

Table 3. Genetic diversity among four populations based on the complete mtDNA cytochrome b gene sequence

Region Population” Sample Number of Number of Haplotype Nucleotide
& P size polymorphic sites haplotypes diversity diversity
Complete Da 12 2 2 0.1667 0.00029
Ja 12 2 2 0.3030 0.00053
To 12 1 2 0.1667 0.00015
Ye 12 1 2 0.1667 0.00015
Total 48 3 4 0.1968 0.00028

" Aliases for population names of KNGs used in this study. Da: Dangjin, Ja: Jangsu, To: Tongyeong, and Ye: Yeongyang.

Table 4. Information on reference sequences for comparison with KNGs

Country Abbreviation Description Number of sequences Accession numbers
Korean KNG - 48 In this study (JX010743-46)
Kor - 1 AB004072
China Cgu Guizhou 9 EU350119, EU350121, EU350123,
EU350125, EU350127, EU350129,
EU350131-3
Gii Jiangsu (white) 6 EU130773, EU130774, EU130776,
EU130777, EU130778, EU130779
Cyw Yangcheng (white) 3 GQ141263-5
Clg Licheon daqing 1 GQ141260
Chm Hongtong milking 1 GQ141261
Clg Lingqiu qingbei 1 GQ141262
Japan Jsh Shiba 1 AB004074
Jto Tokara 1 AB004075
Laos La - 2 EU130773-4
Pakistan Pa - 5 EU130776-9, AB004073
Total 79
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Table 5. Distribution of mtDNA haplotypes in 13 goat populations

Breed / population

Haplotype
pop KNG Kor Cgu Gji Cyw Cid

Total

Chm Clg Jsh Jo La Pa

Cyw

hap-1 43 1 1 2

hap-2 3

hap-3 1 7 1

hap-4 1

hap-5 1

hap-6 1

hap-7 1

hap-8 1
hap-9

hap-10 1
hap-11 1
hap-12 1
hap-13

hap-14

hap-15

hap-16

hap-17

hap-18

hap-19

hap-20
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%2 (Ibex, Bezoar, Western Caucasian tur, Markhor) A|¥<
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Z 2ol mtDNA D-loop 9ol 71%3 AFZAz}o| oahd 715
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FeA vehe, 7 RAG S AelA B Aol HaHgl
T} (Sultana 5, 2003; Joshi 5, 2004; Chen %, 2005; Naderi
S, 2007). o]l AFER oALT} 15t HAA Rt B
e WA 58 V1SS B & g RAEE
& Jow FAHh A AAY] 719 2 AR
3 2A e A9 ARE AAoAY, Kim 5 (2011),
Odahara 5 (2005)2 =l dadrs EADE-ARE UehdS
Husoiey, E3 2 Aol e UMD T Pa-1, 29 Pa-3, 4+
27y EAE%-C, D (Sultana 5, 2003), La-13} La-2+ 2474 &
AEE-A, B(Mamnen 5, 2001)Z HuHdch HZ clade 49}

o,
O

oXx, ot

;

ilfeS
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Uzl clade?] #4174 (bootstrap value : 100%)S A9]5hH
bootstrap value’} YAk clade 1~4+ EAEE A, D, B, C2
TR E3 o]F EAFEY A7 oMIdAE VIFoR C,
B, D, A +2% g5 A4 94 D-loops ©]-&3 e AlF
A4 Adtel A8}k (Sultana 5, 2003; Chen &, 2005; Liu
5, 2009). o€l A#Ed] o)A D-loop 9%¥ cytochrome b
Al ogt Aefidds BAATNE 5 B3NS Hole A
o3 AbmHrh

71E AFASE oFPH gdat AEolr|oke] Fertile Crescent
A9 5& | aglA 7FEsE B, o]Fo] ofrlel, £,
olZg|7tE olFFS Ae® FAdkaL Utk (Porter, 1996; Zeder
9} Hesse, 2000). @4 mtDNA D-loopel 71x3 t&st 2AE
550 T3, %, 3|28 SolA HuEI 9JrkSultana T,
2003; Joshi 5, 2004; Naderi 5, 2007; Liu %5, 2009). &4}
A die 9 BAYE-AY JEE (Kim 5, 2001;
Odahara 5, 2005), ¥ A7olde= =9 ¥ F53 edT
cytochrome b haplotypes Hith 2 79
o] RAYE F 457t fEvetE F9ESs 7FeAH 270 o
e EAREO] FAEUA R A F E rh2 ool <A

RARE-AT BoldGS TF5H § F MR £70] 75 4
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Fig. 1. Phylogenetic relationships among domestic and
wild goats using mtDNA cytochrome b sequences.
The tree was constructed with neighbor-joining
method (Saitou and Nei, 1987) using the Tamura-
Nei distance and assuming a=0.5. Numbers at
branches represent bootstrap values of 1000
replications. Bar scale indicates genetic distance.
Abbreviations for population or breed are the
same as those in Table 4.
AP Means are A-D mtDNA lineages classified by

D-loop region, respectively.
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